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INTRODUCTION
In performing activation measurements using a nuclear reactor, neutron capture reaction rates are determined as the product of the neutron¯ux at the sample location and the neutron capture cross-section of the material. For a given nuclide, the neutron capture cross-section at a particular neutron energy is the probability that a neutron at that energy will be captured by the nuclide. The standard energy for tabulation of thermal neutron cross-sections is that of room temperature of 293.59 K or 20.43 8C, corresponding to a neutron energy of 4.05´10 À21 J, i.e. 0.0253 eV or a neutron velocity of 2200 m/s. This standard energy is chosen because sample irradiation locations in many reactors are at approximately ambient temperatures. (See Beckurts & Wirtz [1] for a general discussion of neutrons and neutron reaction rates in reactors.)
As most reactors do not operate at a temperature of exactly 20 8C, there must be some mechanism for converting the cross-section, s 0 , at the tabulated energy to the effective cross-section, s, at the actual temperature of the reactor. Westcott [2] developed a method for converting s 0 to s by describing the neutron spectrum as a combination of a Maxwellian±Boltzmann velocity distribution function which is characterized by a temperature, T, and a component of epithermal energy neutrons, whose neutron¯ux distribution is proportional to the reciprocal of the neutron energy, i.e. dE/E. For a nuclide whose neutron capture cross-section does not vary inversely with the neutron velocity, s s 0 (g rs), where g is the Westcott g-factor, the epithermal index, r, is approximately the fraction of the total neutron density in the epithermal component, and s is a temperature-dependent quantity related to the reduced resonance integral.
In the absence of an epithermal component, r 0. In this case, the g-factor is the ratio of the Maxwellian averaged cross-section, s t , to the 2200 m/s cross-section, s 0 , given by the following expression
If s(n) varies as 1/n, the Maxwellian cross-section is equivalent to the 2200 m/s value and g 1 and s 0.
For many nuclides, there are particular energies for which the probability of capturing a neutron becomes very large. These large probabilities are referred to as resonances in the capture cross-section for the nuclide at that neutron energy. For nuclides which have resonances in the cross-section in the thermal neutron energy range, their corresponding g-factors are different from unity. The values of the g-factors for these nuclides are also temperature dependent. 197 Au neutron capture standard reaction is also given. The g-factors for some of the nuclides listed are greater than unity and the values increase with increasing temperature. Other nuclides have g-factors which are less than unity and the values decrease with increasing temperature. A few nuclides have g-factors whose values go through a maximum or a minimum as the temperature changes.
In Table 5 , the g-factors at 293.16 K (20 8C) for each of the nuclides calculated here are compared with earlier determinations from Westcott's 1960 report [4] , from a 1973 version of the ENDF/B ®le [5] and from a 1975 calculation by Gryntakis & Kim [6] . Some of the nuclides have similar g-factors over the past 40 years, but there are signi®cant differences for other nuclides.
DISCUSSION
The values of the g-factor, and whether these values increase or decrease with temperature, depend upon the energy and the width at half-maximum of the resonance in the neutron cross-section for the nuclides. The parameters for these cross-section resonances, such as the energy, the neutron scattering width and the neutron capture width, have been tabulated. The contribution from each of these resonances to the cross-section at a given energy can be calculated, using the tabulated resonance parameters [7] .
As the energy increases above the resonance value, the cross-section decreases rapidly from its peak value at the center of the resonance. At higher energies beyond the width at the half-maximum, the decrease in the cross-section becomes less rapid and the energy dependence of the cross-section becomes (1/E) 1/2 or 1/n. In the absence of any positive energy resonance in the thermal neutron region, a resonance at large negative energy is usually postulated with parameters to ®t the cross-section value at the thermal energy of 0.0253 eV. The neutron capture cross-section would vary as 1/n and the g-factor would be unity as mentioned above.
If there are resonances in the cross-section but the energy of the strongest resonance (the resonance whose parameters give the largest calculated contribution to the cross-section) is not very close to the thermal energy of 0.0253 eV, the g-factor would still be close to unity. This is the case for 197 Au, 238 U, 185 Re and 187 Re, where the strongest resonance for each nuclide is at an energy of from about 2 eV to 5 eV, compared to the thermal energy range of from 0.025 eV (20 8C) to 0.058 eV (400 8C). The g-factors for these nuclides differ from unity by less than 0.7% at 20 8C.
Whether the g-factor is larger than unity or smaller than unity and whether the value increases or decreases with temperature will depend upon whether the strongest resonance (the major contributor to the cross-section value) is at a positive neutron energy or at a negative neutron energy (a bound neutron level). When the strongest resonance corresponds to a bound neutron energy level (a resonance at a negative energy), the cross-section in the vicinity of the resonance decreases more rapidly than 1/n. As a 1/n energy dependence corresponds to a unit g-factor, averaging a Maxwellian distribution of neutron energies over a cross-section, which decreases faster than 1/n, would lead to a g-factor less than unity. As the temperature increases, the peak of the Maxwellian distribution moves to a higher neutron energy and the cross-section falls even lower than 1/n. The g-factor is less than unity and it decreases with increasing temperature. This is the case for 151 U, where the g-factor is less than unity and decreases as the temperature increases.
When the strongest resonance is at a positive neutron energy, the cross-section will be increasing as the energy approaches the resonance peak energy. The g-factor will be larger than the 1/n dependent g-factor value of unity. As the temperature increases, the Maxwellian distribution of neutron energies will further approach the peak cross-section value and the g-factor will increase with increasing temperature. This is the case for 103 U, where the g-factor is greater than unity and increases as the temperature increases. For some nuclides, the half-width of the strongest resonance exceeds the resonance energy or the width occurs in the energy region of the Maxwellian distribution, where the cross-section shape changes. As a result, the g-factor can go through a maximum or a minimum depending upon whether it is increasing or decreasing at that point, respectively. This is the case for 135 Xe, 149 Sm, 151 Eu, 231 Pa and 235 U.
Most of the g-factors in Table 5 have been consistent over the past 40 years. In a few cases, resonance parameters have been measured during the past 25 years. If there were no previously measured resonance parameters, a g-factor 1 was assumed. This would account for the variation from previously presumed g < 1 values, such as 148 Pm, 152 Eu and 177 Hf. In other cases, negative energy resonances have now been postulated to better ®t the neutron cross-section value at 0.025 eV. For these nuclides, g-factors greater than unity have become g-factors less than unity, such as 153 Eu and 231,233 Pa.
UNCERTAINTIES IN g-FACTORS
James [8] has estimated the uncertainty in the g(T) of a nuclide according to the expression Dg (1/A) {T´(1/g)´(dg/dT)}, where A is the ratio of the mass of the nuclide to the neutron mass. James found the uncertainties to be on the order of 0.7% or less.
The uncertainties of dg/dT have also been analyzed by Westcott [9] from evaluated cross-section curves for the ®ssile nuclides 233 U, 235 U, 239 Pu and 241 Pu at room temperatures. The uncertainties varied by 0.3% or less. As the g-factors for the ®ssile nuclides have been extensively studied over the years, there are more data available on these values than for any other nuclides. As a result of the extensive database, the uncertainty for these nuclides would be expected to be lower, which they are.
As mentioned earlier, in the absence of resonances, the g-factor is unity. In this work, the uncertainty in the difference between the g-factors and a unit value has been estimated by using the uncertainties in the values of the resonance energy and the neutron scattering and the neutron capture half-widths. These estimated uncertainties are 1.5% or less. The largest uncertainties are found in the g-factors which have the largest differences in value from unity.
